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glossary' of" verbs ^ 

Flow Measurement Module Mo. - 



• Describe, To represent by wbrds written 01/ spokeft^ for the knowledge or 
understanding of others, to transmit an image -of^he identifying features, 
the nature, and characteristics of objects, events apd actiag* 

E;cplain. ^ To make plai-n or- clear, to present In detail by. words written or 
Nspoken for the knowledge 6r understanding of other, .to transmit an image 
of the identifying 'features, the nature ^d characteris,tics of objects-, 
evervts and actions. 

Identify. To^ establish the identity of, pick out or single out an object 
in response to its name by pointing, picking up, underlining, marking, ^ 
matching or other responses. 




Indicate, To state or express without going into detail . The iderTtrby-<)f , , 
pick out or single out an*^ object in response to^'its name by pointing, picking 
up, underlining, marking, matching or other 'responses. 

Locate. To stipulate t^ie positioij of an bbject ii\ relation to othe^:^ objects. 

Select, To choose something f rom ^a^number or group usually by fitr^s, j 
excellence, or other distinguishing features, • . * ^ 

■ . • , ... 
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Approx.. Time: 
. 12 tiours' 



SUMMARY 

itedule Title: 

Flow Measurement , 



Page 



of 



78 



Submodule Title: ■ ■ « ■ . 

1;^ ' Liquid flow ^ . " 

2. Flow Measurement Units Batch Process 

3. Flow /measurement Units Open Channel 
4.. Flow Measurement Units Full Pipe • 

5., Flow Measurement Units Prevehtive Maintenance 

6. Flow Measurement Units Safety 



Overall Objectives: • . * 

The ^overall objective is the introduction to the principles of flow 'measurement 
units usetl in open ^channels , full pipe, the preventive maintenance necessary to 
maintain proper functioning of meters and t^ife* safety necessary ta operate and 
maintain the" equipment. . < , f 



Instruction^il Aids: 
Handout 

AV (overhead transparancy) 
Calculators ' 



Instructional Approach: 

Discussion' > 
Demons t.rat ion 
Exercise , 



References: - ^ * 4 * ^ ^ / ' ' 

Handbook for Monitoring Industrial Wastewater, U. S. EnvfronmentfaV Protection 
Agency Technology Transfer, August 1973. . ^ 



> 



Class Asslgnn^ents: , 



Give handouts to be' read 
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Module No: 


SUMMARY. 


V ■ 

* 

> 




Instructor Notes:' 


Instructor Outline: 


\ 


Charts, graphs and figures * ^ 
are used as handouts and 
overhead trarisparancies 
masters, i ' ^ ^ 


!• Flow Measurement 

A. Purpose 

B. Basic flew formula ' . ' ^ ' ' 






\ 


Q = A X V * 








II. Principles of Flow Measurement , ^ , 








A'. Batch Process ' , • 

• 

Q = V . ^ • . • ' 

t ' ^ : • • 








B. Open Chennel 

1. Parshall'flume 

2. Weirs . . ' 














a^ Rectangular ^ * 

b. CipQlletti . 

c. Triangular 








' 3. LeveV. detection ^» 


\ ^ 1 

\ 


* <• 

* 1* 


f 


a. Float gauges 
• b. Hook gauge ' ' 

c. Staff gaupe ' - , 

d. Ultrasonic 

/ ■ e. Instream transmitter 
f. Air bubbler 
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.4,. Partially 'filled pipes- " 


... 




a. . Open end pipe^ 

b. California pipe flow 

c. Pressure conduits (full pipe) 




• 

i 




^ . 1., Venturi meter 

'2. Flow nozzle . ^ 

3. Orifice meter 

4. Magnetic meter 

5. . Pi tot tube • 
' . 6. .Ultrasonic 
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Module No: 



i Topic: \ 
SUMMARY 



Instructor Notes: 



Page 6 of 



Instructor Outline: 



III. ' Preventive Maintenance' 

A. - Cleaning 

B. Ch'ecking for deterioraytion 

C. Replacing componen^ts 

D. Changing charts 

IV. Safety . 

-V ■ ' 
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ERIC 



Modu" 


le Ao: 


yiodule Title: ' ' 

/Flow Mea$urement ; . - . ' ' 






S^ibmodule Title: , . , ' ' 


Apprc 
1 


)x| Trme: x 


Liquid Flow , • ' • 


Hour ' 


Topic: ^ . \ 

Introduction \'J ' 


Objecjives: 1 • ^ ' 

Upon (completion of this module the learner 'should be able to describe the basic 
principle of flow'of liquid using the V^elationship of average .flow ve'lociV*^ 
crosl-sectional area of flow and volume of flow* 

1 4 • * 

1 ' • "V . 
«^ 1 9 

1 « 

1 * • » ' 
1 • * ' 


Inst 


^uct^onal Aids: 




Hand 
AV «( 
Cali 


out ' ^ * . ■ . . ; . * 
Dverhead transparancy) ' ^ *; • 
ulators , ' ' ^ * ' • , 


Insii 

Disic 
Deraoi 
Exar 


-uctional-Approach: * - .^^^^^,.-<;;^^ . • . ' *' ' 

ussion ^ • ' . . 
istration ^ ' • 
cise . • . ' 

■ . / ■ . . ■ V ■■/ ■ 


Re|er 


•ences^:- 


* • - 


HaL^ljjook for Monitoring Industrial Wastew^iter^ Environmental Protection 
Aqency Technology transfej:, Aug^ust 1973. - ^ , * ' 








ulass 'Assignments: 




Give 


handouts to be 


read • , 
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I Module Ho: 



Page . .8 of 



Topic: 

Introduction 



Instructor Notes; 



Discuss the derivation of 
k= AV 



Instructor Out/ine: 



I- Flow measurement 
A. • Purpose 

'B. Basic flow' formula' ^ 
Q = A - V 
H- Give ^3 exercise problems. 
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Module )lo: 



ERIC 



Approx.' Time: 
1 hour 



ModuU Titfe:* 

flow Measurement 



Submodule Title:. 
Flow Measurement Units 



Topic: . . 
Batcl;! Process 



Objectives: 



Upon completion of this module the* learner should be able to determine the flow 
rate by the change in level of fluid in a tank. 



Instrjicfioaal^ Aids: 
Handout 

AV (overhead transparancy) 
Calculators 



J 



Instructional - Approach: 

Discussion ^ 
Demonstration - 
Exercise 



References: 



Handboolc f or Monitoring .Industrial v/astewater, U/ S. Etivironmental Protection 



Agency Technology Transf^, August 1973- 



Class Assignments: 
Give handouts to be read 



Module No: 
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Instructor Notes: 



Topjc: 

■ / 

Batcff Process- 
cn 



Batch Process depends upon a 
specific volume of w^ter 
measuced in a unit time. 



."Instructpr Outline: 



^' °^ measurement devices using 

a batch, process. ^ 



Q = V 
t 



Q = Flow rate 
^ = Volume • 
t Time 



4 . 
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Module Ho: 

V 



Approx, Time: 
. ^ hours -y 



flodule Title: 

Fl,ow Measurement 



Submodule Title: 
> f^low Measurement Units 



Jopic: 

Open Channel 



Objectives: 



Upon' completion of this module the learner should be abje to identify componenl 
explaiif the purpose of each component, how the compound works' and its. important 
in flow measurejoent units used in open channels, ^ , 



a,. Parshal V flum^ 
.Weirs 

c. Partially filled pip^ , 



Instructional Aids: 



Handout ^ 
AV (overhead transparancy) 
Calculators 



Instructional ^Approach: 

Discussion 
DemonsH'ation ' - 
Exercisfe 



References; 



andbook for Monitoring Industrial Wastewater, U, S- Environmental Protection 
|gency Technology Transfer, August 



Class Assignnients: 

Give handouts to be read 
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Module No: 



1 ^ 

To(/ic: 

Open Channel^ 
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^IiTstructor botes : 



1- Identify the primary unit. 
2'. Identify th^' secondary unit 

3, Discuss the difference ' 
between suppressed and 
unsuppressed weirs. * 

4. Demonstrate use of 
■ namographs %3 



5. Give ffjl the formulas 



\ 



"instructor Outline: 



I. fTow In- open channels -~ 

A. Pffrshall^flume *- ' ■ . 
B; Weir 

-1. Rectangular ' • % 

2. Cipolletti ' . 

3. Triangular ' * ' 

■ C. Level detection Units' 

^ ' • • 
4 • .' !• ' Float gauges 

2. Hook gauges ' . 

3. Staff.^gauges 
: 4. Ultrasonic ^ - 

■ 5. ,Instream Irfeiilsmitter' 
' 6., Air bubbler » 

IL ,Three. pipes flowing partly full/ 
> - „ ■ ■ : . - 

^A. Horizontal or -si oped' open end pipe . 
d"^ - * ' ■ • ' . 
B. Califorrtia pipe flow method- 



^0 
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Module No: 


tICHlule Title: 

Flow Measurement 


* 






SiAfnodule Title: , 






Approx, Time: 


Flo*/ Measurement Units 






•4'iiours 


Topic: 

Full Pipe 






Objectives: 






\ 



Upon completion of this module the learner should be able toyldentify .components, 
explain the purpose of each component, how tij|B..conponent works andn'ts importance 



in flow measurement units used in fall pipe fliDW. 

a. Venturi meters 

b. Magnetic flovrineter 
c* Rotameter 

d. Ultrasonic r velocity sensing 



Instructional Aids: 
Handout * - 

AV (overhead traniparancV) 
Calculators 



Instructional Approach: 



Discussion , 

Demonstration 

Exercise 



^ 



References: * ' 

Handbook for Monitorfhg Ijidustrial Wastewater, U. S. Environmental Protection 
Agency Technology Transfer, August 1973. ' i^* 



Clas^Assignnients: 
Girf-handouts to be read 



Kodule No: 
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Topic: . » 
Full Pipe 



Instructor Notes: 



1., Identify the primary unit 

?^^^ I'dentify the secondary unit 

3. Give the formula^ to each 
flow, measuning device - 



Instructor 'OutHne: 



Pressure con'duft's (full pipe and flow) 

•A. Venturi meter 

B. F16w nozzle 

C. Orifice meter 

D. Magnetic meter ' 

E. Pi tot tube 

F. Ultrasonic ' 
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Module Mo: 


Module Title: - , ^ 

Flow Measurement ' 


Flow Measurement Units 


.Approx. Time: • 
2 Hours 


Topic: 

Preventive Maintenance " - 



Objectives: 

Upon compTetion of the modyle the learner should be able to describe the 
preventive maintenance procedures for flow measuV^ement units. 



Instructional Aids: 
Handout . 

AV (overhead transparancy) 
?falculators 



a. ^Parshall flume 
Weirs 

Ultrasonic level sensing 
d/ Pneumatic (bubbler) 

e. Veuturi meters 

f. Magnetic flow meter 



-^g. Rotauieter ^ • 

h^ Ultrasonic -velopity sensing 

i, Orific 

j. Pi tot tube 



Instructional Approach: 

Discussion 

Demonstration 

Exercise 



References: - . * 

Handbook for Monitor! ng Industrial Wastewater, U. S. Environmental Protection 
Agency Technology Transfer, August 1973. 



Class Assignments: 

live handouts to be read 
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Module Uo: 



Topiq; 

Preventive Maintenance 



. Page 16 of. 78 . 



Instructor Notes; 



Describe the protess of pYe- 
ventive maintenance of each\ 
unit described in this mQ,duTe. 



Instructor Out/ine: 



Dis cuss ^ the necessity for preventive^"- 
maintenance of flow measuring -devii^es. 

A. Cleaning 

B. Checking for deterioration* 

C. Replacing worn components 
Changing charts 
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Module No: 



If*' 



Approx. Tire: 
1 Hour 



Objectives: 



«i 

Module Title: 

flow Meas.^jr^ment 



Page iz 9^ -la. 



.Submodule Title: 

flow Measurement Units 



Topic: 

Safety 



Upon completion of this module ^the learner should be able to describe the safety 
procedures in operation and mafntenance of flow' measurement units. * 



nstructional Aids: 
Handout 

AV^overhead transparancy) 
Ca^lculators 



Instructional. Approach: 

Discussion 

Demonstration' 

Exercise 



References: 



Handbook for Mondtoning Industrial Wastewater, U. S. Environmental Protection 
Agency Technologys^ansfer, August 1973. 



Class Assignments: 
Give handouts to be read 
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Module Ho: 



Instructor Notes r' 



Page 18 of 78 ' 



Topic: 
Safety 



Instructor Out'dne: 

^' ^P"" ^^^^ operation' of 

tlow measuring devices. 

A. . Shock electric poiver 

B. Improper balance 

C. Improper entry into manholes 
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flCw measurement 

In operating treatment plants the need to know the flow rates of 
the influent water and the flow rates withtn the unit process is verv 
. jmopirtant. The process is very important. The design and monitoring treat- 
ment processes requires knowledge of flow rates, fTow variability, and total 
flow, .A varf^fe^ of flow measurinq devites anci methods is 'available. The 
selection o-f the proper measuring method on device ^11 depend on such factors, 
as cost, type, and accessibility of the condui t,'l|ydraulic head available, 

type and character of the water^^ ^ 

Most measuring devices measure the velocity of the f-low or the 
change in depth of water. The basic formula usefl^^y the metering devices 
using velocity as the basis 'for detemrining the flow rat^Q) is: 

- ' (?'.= A X V ' 

Where 



/ 



Q = Flow rate in cubic fee/second 

A = The cross-sectional area of the channeV^containing the water ' 
in square feet 

V = The velocity of flow in the channel in feet/second^ 
Q = A X V is a formula that is obtained by continuing 3 formulas: 

f Q = Flow rate 

V = Volulne of water delivered^ 
t = Time needed to deliver 
A = Cross sectional area of channel' 

' L = Distance the water traveled 

V = Velocity ^ 



1. Q = y 

. t 



V =. A X.. L 



2. 

And < 
3. L = V X t 
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By substifiuting in equation ^ for L ^ , 

Then v = .A v x t 
By substituting in equation #1 for v 

Then Q = A x v x t 

^ ^ , t • ' 

Cancelling t since it is in the numerator and denominator^ than 
Q = A X V . *, 

ThB difficulty in using this formula is on circular pipes flowing 
partially full and only the depth of water in the pipe can be measured. 
Example " . ' 

; ,^ Water flowing through a 12 inch pipe has a velocity of 3 ft. /sec. 
W^at would be the rate of flow. . ^ . ' ' 

Solution 



Q = A X V I 
=^ . 785 X d2 X 
= .785 X (rft.)2 X 3 n./se'c. 
= 785 X 1 ft. 2 X 3 ft. /sec. 
= 2.36 ft.3/sec. '■• 



^ 



Exercise 



1. An 8" sewer line is flowing % full at. a veloci'ty of 2.4 ft./sfec. 



Calculate .the flow rate delivered bv the sewer 



2. A 6" sewer'line is flowing % full. The distance distanc^ between €ach 

■: ■ " . ■ • 

manhole is 300 feet. The tracer dye placed in the upstream man"hole took 

2 minutes, 4 seconds' to reach the next manhole. Calculate the flow rate. 

20 . , J 
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T. Calculate the average velocity in a 1" copper pipe if the time needed 
to fill a 5, gallon bucket 25^ seconds. 



/ ■ •• . ' * y 

\ ^ * t 

Thiere are two basic types 'of flow systems: Flow operr channels 
such as in sewers, streams, rivers, and channels and flow in completely. - ' 
» filled press4Jre conduits?^ There are twd types of open Channel flow to_ 
consider: Steady flow whf|k^"indicates a constan^t rate of discharge, and ' - 
ynsteady flow which is indicative of a variable rate of discharge with time. 
• A flow is sjaid to be uniforr^if the -velocity and depth are constant along the 
conduit and non-uniform if the velocity, the depth, or both, change along the 
conduit. The installation of flow measuri-ng devices should"be, at a location 
wh(?re the flow is iiniform. . ' • 



Batch Process ^- . 

. "iP ■ . ■ . ■ ■ 

..,A convenient; .f^«^^>suririfl"method is to able to determine, the 

"vrate of flow a tank fills^up or empties. The fybiula^^to' use is: 

Q = T Q'= MOW rate 

t 4 

, > V = Volume pf water emptjed or filled 
' t = Time it took ^ to do so 

This method can be used also to deteniiine if pumps ape^livering 



at the pumping rate indicated, 

n ' 21 



Example ^ . . . " ^ 

It fias be'en determiaed that the^n cy9le ^or^i^np) A is*2J0 seconds. 
The wet well has,,a-^iainet^ of 8 feet and the level of. wafer changes 3 ft. 
when 'the pump goes on and when' it goes off. Calculate, the pump-kig rate. 

f Solution • ^ . ■ t " ( \ 

1 ■ \ . • 

Calculat&nhe Tate of discharge 



'Q = V ' 
t - 

. .= . 785 X 8 X 8 X 3 ^ ' ■ - ' 

- ^ . ■ = 7.5 ft3/§ec. ■ . y ^ ■ 

The pump is pumping at a' rate of 7.5 ft"'^ec."or 56 GPS., 

' ♦ ' r ■ . • ' . " " ' ' * 

This type of measurement' should be undertaken' when measuring the 

go' " 

change in level of^the liquid idi 'the tank 1s not a dangerous operation and 

when' the flow. into the well is slow and steady^. 

Flow in Open Channels * . , - ' ^ 

^ . - ^ ; , - • ' 

,The flow in open channels such^s sowers » stf earns and, partially 



filled pipes can be measured b^^rf^ * 
a. Usihg^e formula Q = A x v and 



b. Usi1% measuring devices (flow meters) . ^ . ; . , , 

^ The operating methods, typ« and makers of , flow metersa^ard 'J:oo» 
numerous ytpl count and explain. The, mqst common ii) use that could be used 
in/ water iirld wastewater systems i*^s:-* 
/A P&Hhgll -flume ^ -"P"^ 



The pc^shall flume' is^made up of 3 sectioijP'(Ft^fe 



\ 



22 



1/ The- converging section ■ < ' 

2. The throat ' k ^ ^ . - ' • ' 

3. The diverging section - 

Although there are other segtions to the flumerthey are basit'ally 
attachments that provide easy of operation' and data interpretation. Siich 
attachm^ts ai^e a: ' - ■ _ 

1. Stilling well with floats ^ 

rinstream transmitter ^ ' 

Ultraspnic level change indicator • * 

The basic principle of operation^of the parshall flume is that'the 
liquid has to converge to the throat so as to pass through. This convergence 
causes a rise in the depth of ttie -liquid in the converging section which can 
bevmeasured and use^ calculating. the flow rate using, the formula ""^ 
" ' Q = 4 WhI^ • - \ . ' 

Where * * - ^ ' 

Q = Flow rate in cubic fee/second 
• W = Width of the throat in feet ^ 
H = Height of wateji in the converging section in feet 
h = 1.522 W0»026 

The size of flume installed should be cotiparable to the flow rate 
anticipated. That is a 3" flume will not provide an accurate flow raje if 
the head is above 18 inches^. A 9 inch flume or larger is preferable. ' s 

_ In placing a flume it is essential that the liquid entering the" 
converging^thrq^ is not turbulent. The flow should be free flow and not 
under-pressure. , 
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GPM 



1,000,000 
690,000 

600,000 
500,000 
400,000 

300,000 
.200,CfOO 



100,000 
80,000 

60,000 

^o,ooo 

40,000' 
30,000 

20,000 



•0,000 
8000 

6000 
5000 

4000 

5000 

2000 
GPM 
1000 



P - 



MOO 
3000 

2000 



lOOO 
800 

600 I 
500 
400 

300 



200 



100 
80 

I 60 
50 

30 
20 
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FLOW CURVES FOR PARSHALL FLUMES 

FiQure 2 



_^ ' . ^ Page ^ of ^ 
T - ^ : 



A flow turve 1s p/ovided ,to facilitate the determination of the flow 



rate uslrr^ca parshall flum?. See Figure 2, ^ 4* ' * 

The weir is a commly used deVice for measuring waste flows irvasmiich 
^s it is generally easy to install at low cost. Essentially, it is a dam, or 
• other obstruction p^acedsin a partly filled pipe, channelfor stream. ,The 
*V&ter level at a given d1,stance^pstream from the weir Is proportional to t)ie* 
"^floW. Commercially available weirs consist of a vertical plate with a sftarp 
cfest,'the topof the plate being either straight or notched. Weirs can be 
installed at pipe outlets, in manholes or in open channels. Figure 3 shows. 



three corririon types of sharp crested we1rs'T?vth complete end contractions 
while Figure A shows a sharp cr^ested weir proffT^. Proper form of the crest 
is important for accurate measurements, tne water flowing over the crest 
being called the nappe. Tjje^ain problem associated wi tt^^ectaagular weirs ' 
is that the flow wiy be contracted when it passes gyer the weir. Thus, the * 
effective width of the Wfr is smaller thaij^^tl)©^ of.^rth^^^rest. The - 
CipoUettl weir, which his sloptng" sides, was. developed in order to, compensate 
f or ^tfvh contraction and t^ba able-to use the width of the crest for flow 
caVclTfation, ;In q^er to design a wejr that^perAtes satisfactorily, the 
Voll^'^ng general requireriients should be considiered: 

- 1. The we>r should consist of a^thin plate about 1/8| to 1/4 inch thick with 
a straight edge or. a thick plate with a knife edge, the sharp edge being 
important for preventing the nappe from adhering^'t^ih^he crest. The 
^ height of the weir from the bottom of the channel to the crest should be 
..at le-ast 2 times the expected head of water above the crest, this ratio 
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• being necessary to lower the velocity of approach. Also,, the, upstream- 
velocity of flow should, be greater than 0.3 ft/sec. '. 

2. It is important to ventilatfe the weir to prevent a vacuum' from foWning' 
. on the underside of the falling water. 

3. The connection of the weir to the channel should be waterproof. Therefore, 
the joint between the weir plate and channel should be packed with a 
chemically inert cement or asphalt type roofing conpound. Grease 

. compounds s^iould not be used if oil concentrations are to be measured. 

4. The weir must be exactly level to insure a uniform depth of flow. 

5. ' the crest of the weir must be kept clearh. Fibers, stringy .materials and 

larger particles tend to cling to the crest and should.be removed ^ ^ 
periodically. In water with high 'suspended soli'ds cooeentrations , 
considerable sedimentation in the channel of approach will take place. 
Sediment- influences the measurements and makes , representative sampling 
morel difficult. ' ' ' ' 

6. The device for measuring the head should be placed upstream at 'a distance. 
\ of at least 2.5 times the head on the weir andtshould be located in a 

\ quiet section of the sewer away from all disturbances. . A 

7. The weir should be located at the end of a straight, stretch of the channel 
-with little or no slope. The," velocity of approach should be JoW and 
uniformly divided over the channel ; however, the weir will usually lower _ 
the velocity sufficiently for measurement. 

8. The weir, size should be selected after the preliminary surveys have' 
determined the expected. flow rates in the sewer. 
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The conmon formula for flow over a weir is: 
q' = 2/3 ^/2^ H3/2 ■ • 

Where ' ' . ' ' ' 

q -,Flow per unit of width", cfs. . 
g-^ Gravity (32 ft/sec. 2) ' ' .... ' V;;- 
H = Head above crest (upstream), feet 

A doefficient C, is usually included to compensate for the non- 
uniformity of flow. Thus, the e^iuation for th'fe flw per unit of width 
becomes: * , * 

q = Cw 2/3 ^ h3/2 , - 

Where 

Cyy = Non-uniformity coefficient (^1) 

Permanently installed weirs should be calibrated after installation 
inasmuch as coefficients in-the weir formulas may vary due to many factors. 
However, reasonable Vlow estimates for the various types of weirs are 
available, and when used properly, produce- Tittle error. 
Rectangular Weirs / • - 

Rectangular weirs may be straight or notched. A straight weir - . 
is called a suppressed weir without end contractions.- A notched weir may 
have one or two end contractions. If the crest height is greater than 5 H, 
the approach velocity mai^ fee neglected. In a suppressed weir, the water 
flows over the full width of thje^err and problems may develop when a vacuum 
forms under the nappe. / ' 

The most common type of rectangular w6ir is the^notched weir with 
efid contraxtions. If the end contractions are standard* CTlat is, the width 
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"of each end -contraction is at least 2.0 times the head above the crest, the 
.Francis, formula is appli cable in computi^ng the flow as follows: 
• • Q = 3.3^ LH3/2' . . 



Where 

Q = Flow, cfs 

L = Effective width of the weir, ft^ 

\ 



be^ed 



H = Head, ft. 

Figure 5 presents a nomograph of the Francis Formula and can 
for a suppres-sed weir or a weir with standard end contractions. The 
conventional calculations are not applicable when estimating discharges with 
very low head^ that cause the nappe to cling to the weir face. 
Ciponetlii Weir 

• . The Cipolletti wetr is of trapezoidal form with end slopes of one 
horizontal to four vertical, which corrects .for the slide contract!^ of the 
nappe over the crest. Thus, no .correction is necessary for the crest width' 
as in the rectangular contracted weir. The general equation -for the Cipol\etti 

t 

type of weir is: 



= 3.36/ LH3/2 



Where ^ • - ^ 

Q = Di^scharge, cfs. 

L = Length of the weir opening at the 'base, feet 

■ i • 

"H = Measured head> feet 

Velocity Head. Correction. ' > , ..• • ' 

Whe/1 the" velocity of approach for a suppressed, contracted, or 

Cipolletti weir is too high to neglect, a correction factor can be introduced 

' , . 33 ■ 
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into the flow equation. The correction factor exterids, the use of the basic 
formula for weirs to include the velocity head as follows; ' [ ^ 



Where 

h = Velocity head, ft. 

V = Approach velocity, ft. /sec. 



g = Gravity (32 ft. /sec. 2) 

Then the term H^/^ in the basic equations is converted to: 

h3/2 = (H+ hj3/2 . h3/2 • " , , 

Triangular Weirs" * ■ . ' ' ' \^ 

The triangular weir of V-notch type is of value in meas uri ng \jow ^ 
flows.- It stiould be used for flows less than 1 /fs. (45p gpm) and is notX 
recomnended if the flow is greater than 2 cfs.. The V-notj/h weir may be ' . 
constructed of any angle, the most cormonly usecf angle, Q, for V-notch we^rs 
being 90°. The second most popular V-notch Weir has an angle of 60°. The 
end contraction of the weir should be at least 3/4 L, where L' is the widtti 

t ^ 

of the water surface at ma:^imum elevation. • (Figure %). 

The formula for the 90° no^h weir is: 
, Q = 2,49 h2-6 where flttw, Q is in cfsr ^ . ' 

The API manual (3) , recormiends against the u?e of V-notch weirs if 
H<0,3 ft, since the possibility of forming a vacuum becomes too great, " . 
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FLOW RATES SjR 60O AND 90° V-NOTCH WEIRS ' ' 
Figure 6- 
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In determining the level change of water in a flume or weir there 
are maDy^" devices us^d to do so. Jfc 

1. Staff gauge - This is a ruler marked in h'' of an inch increments. 
Commercially available gauges are generally made of 18 gauge metal coated 
with enamel, white background with batch numerals. They come in any 
length desired. In u^ing a staff gauge one's eye should be level with th^ 
water surface so as to provide proper observation. The^ain disadvantage 
of this method is that the flow cannot be re^ on a continuous basis 
inasmuch as the system 'cannot be converted to a control system or 
totalizing device. ^ S 

2. Float gauge - Figure 7. It is a means of continuously indicating liquid 
levels. It consists of a-metal float, a pulley mounted on a standard,, 
and a counterweight. The pulley is ^usually attached to a set of gears 
and recording chart.. As the float rises and falls with the liquid 
surface so does'the needle '.upon the recording chart moves' accordingly. 
This movement is recorded^and according to' the recorder -setting, speed 
of movement of chart and chart graduation the flow rate can be 



.determined. ^ * j ^' . , 

3. Hook jgauge - Figyre 8. This device^ is a very cheap method of recording 
the level chanpge. The gauge (Figure ) is manually b-rbught to the water* 
surface and the water level elevation read. It: is preferred to^ise 
^ ^uges in a stilling well. The main disadvantage of this method*is that 
the flow cannot be read on a continuous basis inasmuch as trie system 
cannot be converted to a control system or totalizing device. 
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Air Bubbler - Figure 9.. Thi? device is a bubbler tube constri^cted in a 
side wall cavity of a fTune (Figure^ 9 ). As the Height of the water 



surface changes, the resistance to the escaping air through the tmmersed 
bubbler tube' thanges,. The pressure differential's sensed by a v. 
trans l|tor which ac^iv^tes an a,ir motor, which in turn, ^J[s'hes' a micro 
switch' over* a cam wheel Thisv action op&rates the recording chart apd 
'pen. The bubbler can be installed at afiy depth and it is possible t6 , 



make^the apparatus portable using aa^ir cylinder/for the air suojilv* 
Instream Transmittgr - Ffgurfe 10. This 'de\rice depends upoa a f^oat 

n the channel,. That -will rise and faffwTth the liquid surface, 
at is attached to a float^ine, a pulley- and a counterw6fght. ' - 




The pulley, is usually attached to a-set o,f^^g eafs a nd recorrf^iig chart. 
As .^he float rises and falls with the liquid sjurface so does the needle 
upon thiri^ecordi ng chart move accordingly. TnTsmovement is record^, 
and according to the recorder ^setting, speed ^movement of c'hart,^and* 
chart graduation the flow rate can determinecl. 



6. Ultra Sonic - This device functions upon a unit that limits an\;u3tr 



/ 



sonic sound that i^ reflected backl from the surface of the water. .By 
setting the sensor at zero discharge i.e.' base line.,' then as the'level 
of liquid increasing, the sensor will detect th6 ymanc6'from»sens'^)r to 
.liquid level subtract the distance from the zero discn^ge setting and 
the difference is the level of liquid in^the flume 'or wei\ Most devif^es. 
that utilize a flofft or ultrasonics in detecting the change in* the level of 
tfte liquid are also capaB.le of^^not only ^roviding^f^ rates a 
continuolisNly^ basis but also have the capability of tbtalizing^ihe ^f.low. 
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An air bubbler will measure water depth In prpes and clannels. The recorder 
gauges for tho bubbler musi.be selected for the depth of flow because of low 
ai,r back-pressure. 

^iit I i I i i i i , 9 k i i I I I I i r I f 1 I I 1 > i i i i , . , 9 J 
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Pifpes Flowing PaKly Full 
Horizontal or Sloped Open-Enc/ Pipe 



' It is possible to estimate the flow from filled or partly filled 
pipes' by, measuring two characteristic lengths of the stream after it has left 

4 

the pipe and is freely discharging intq the air. This situation is common for 

the outfall of elevated sewers. The method lacks the precision and a'ccuracy 

of conventional, meters or weirs but is often sufficiently accurate for rough ( 

flow estimates and is relatively inexpensive. Figure 11 shows a partly filled 

sewer freely discharging into the air: The two characteristic lengths to be 

meefsured are X and Y. The X-axis should always be parallel to the line of the 

sewer and the Y-acis should be perpendicular to the ground. The formula for 

/ • . ' 

calculated flow is: » . ^ 

-/ 

Q - 1800A X in gallons per minute 

n ' ^ ' . ' 

Where 

A = .Wet cross-sectional area of liquid in the pipe in sq, ft. 

X = Distance between end of pipe. and the vertical gage in ft., 
measured parallel* to^|^ pipe ^ ^ 

Y^= Vertical distance water surface, at discharge end of the 
pipe and intersection of water surface with vertical gage 1n ft. 

When the pipe is flowing full, A equals the cross-sectional area of 
the pipe. A' mddifi cation of this method is shown in Figure U where Y is, 
measured from^the mid-depth K)f the liquid and.is equal to:l ft^ X is 
measured to the center of the stream, and the velocity of the\iquid leaving th 
sewer is: : ' ^ - . . w . 

V = 4.0 X in feet per second 

The flow of water discharged from the* pipe is determined froih: 
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WhenY= I ft 



VeJoclty (V) 
= 4.0 X 

Discharge ir GPM 
= 450 AV 



U 



A « Cross -sect ion a I 
area (sq ft) or 
water in pi^ 




X (ft) to center of streom 



HOW TO MEASURE DISCHARGE FROM A PIPE 
Fioure 11 
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9 1 
Q = 450 AV = Gallons per minute 

Where A is, the wet cross-sectional area in sq. ft, 

is known as the coordinate or trajectory method. 



This method 



California Pipe Method ' 



The California Pipe Method is used to measure the rate of flow in 
a partly filled horizontal pipe having free discharge. The horizontal part 
of the pipe should be at least 6 times the diameter. If the pipe is not 
horizontal, a horizontal section can be added as shown in Figure 12 , Once 
the diameter-^f the pipe is knpiyn, only the distance from the top of the 
SGwer to Jthe water surface is re^quired in order to obtain the flow rate. 
The outfall depth is related to the critical depth, thus making the flow 
determinable. Th4 flow may be calculated by th^ following eqViation: 

9 * 

Q = TW = , Gallons per minute < 
Where . " . >^ 

T = 3,900 ^1 -^a) 1.88 

d Diameter of sewer, in ft. ' \ ' 

■ ^ 

a = d minuq^ water depth, in ft. . / 

' W = d2-48 ^ ' 

" Valuefs for. T, and W- may .be obtained from Tables 1. An air bubbler " 

< 

or a water level r*ecorder may be used for the continuous measurement of the 
watfer surface elevation; " 
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VALUES OF T FOR CALIFORNIA PIPE FLOW FORMULA (4) 

T = 3900(1 -I-) 1.88 . ' 
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JoJU - 


03p 


1690 


0.02 


3760 
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1640 


0.03 


3690 


038 


' 1590 




Jo J U 


0.39 


1540 






0.40 


1490 


n OA 




0.41 




0.07 


3400 • 


0.42 


iS 


0.08 ^ " " 


3330 ' 


0.43 


1350 


n no 




0.44' 


1310 


n in 




0.45 


1270 


nil 




0.»6 


1230 


0.12 


3070 * 


0.47 


1180 


•0.13 


3000 


0.48 


1140 


n 1 d 




0.49 


1100 


n 1 < 

U. 1 D 


, 2870 


0.50 


1060 


n 1 /i. 
U,IQ 


2810 


, O.S;J 


1020 


0.17 


2750 


0.52 <^ 


930 


0.18 


2690 


tf.53 


, 915 


0.19 




n <d 


one 


0.20 




•n 


0 /U 


0.21 


2510 


n 


cSJU 


0.22 


2450 


Oi7 


800 


0.23 


2390 


Oi8 


760 


0.24 


2330 




1 i\j 


0.25 ' * 


- 2270 I 


0.60 


/UU 


0.26 


2210 


O.ol 


oou 


n 97 


7160 • 


0.62 • 


630 


0.28 


2100 


0-.63 


600 


^0.29 ' 


2050 


0.64 


570 


^0.30 


• 1990 


0.65 


540 


0^.'- 


1940 


0.66 


510 


0.32 


1890 


0.67 


480 


0.33 


1840 


0.68 


460 


^0.34 


1790 


0.69' 


' 430 



J 0.70 
0.71 
0.72 
0.73 
0.74 

0.75 

0.76 

0.77"^. 

0.78 

6.79 

0.80 
0.81. ' 
0.82 
0.83 
0.84 

0.85 
0.86 
0.87 
0.88 
0.89 

0.90 
0.91 
0.92 
■^.93 
0.94 

0.95 
0.96 * 
0.97 
0.98 
0.99 



410 

380 
360 
330 
310 

290 
270 
250 
230 
210 

100. 
.3170 
160 
140 
125 

' 110- 
• 97 
85 
73 
61 

51 
42 . 
34 

26 
20 

9 
5 
3 
1 
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<^ . ' TABLE 2 , ' ' 

VALUES OF W FOR CALIFORNIA PIPE FLOW FORMULA (4) 

W = d2-^ . 



•''^ Pipe Diam< ter • d . W 

Inches feet 



TT:25 .0.032. 

0.33 ^ 6.064 

0.50 ' . 0.179 

0.67 • 0.370 

0.83 0.630 

1.00 '• 1.00 

1.17 1.48 

1-.25 1 .74 

1.33 ^ 2.03 

liO . . 2.73 

1.67 , '3i7- 

1.75 4.01 

1.83 4.48 

2.00 5.58 . 

2.25 ■ ' 'jA7 

2.50 ^ ' 9.70 ' 

2.75 12.29 

3.00, 15'.25' 
/ ■ 
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MEASUREMENTS NEEDED, FOR 
CALIFORNIA PIPE FLOW METHOD 



tnctlfltd p\f%% should b« conn«ct»d to 
0^ horizufilQl Itf^h of plpo by hooo* 



CALIFORNIA PIPE FLOW METHOD V 
Figure 12 
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uriuertd^e, me equipment is easy to Din Id, install and operate. Figure 
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Flow in Pressure Conduits ... 

Flow in pressure conduits is also knwn as full flow. The devices 
used in determining the flow rate depend upon the flow velocity through the 
pipe. . ^ 

Depending on the type of liquid, solid content of liquid, the 
tenperature, the liquid, the type of flow measurement device i§ used. The 
most typical flow meters are: 

1. Venturi Meter - Figure 14. This device is' a pipe segment con s"i sting of 
a converging section, a throat, and a diverging section. In the^enturi 



tube, a part of 
Therefore, the 




tWz head is transferred into velocity head. 



head in the throat of the tube is less than the 

-J 

static head in the channel. This difference in head is.^lirectly related 
to the flow. The principle that the venturi meter operates is the 
continuityJAeory. This theory states that a volume of liquid entering 
the pifre at one end per unit time, must leave the other end in the same 
time. If the principle did not apply thenvif less liquid leaves the 
pipe than enters it^ the volume wilVtrtH11(!| upNKand the pipelwill bursjt^. 

f If more liquid leaves the pipe thanw^jiters it, the fiipe wil l' eventually 
empty. ' - ^ . r J^c 

Assuming that two^ different diametered pipes are connected then • 

' from the continurty principle: ^ 

'Ql - Q2 ^ ^ ' ^ 

Where Q is the volume entering the pipe 
Substi tutin^^ for Q 
Ql - Ai Vi 
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And 

Q2 = A2 Yg. 
Therefore 
Ai .yi = A2 V2 



4 



Ir>, a venturi meter since the crosV-sectional area of the pipes are 
different(converging section anlTthcoat) then to make the above equation 
equal the velocities will be differen>. By increasing the velocities • 
. the pressure exerted will decrease. By decreasing the velocity the 
pressure wi 13 iircrease.^ ' . , . 

. Example : Two pfpes, one 4 inches in diameter and the second 6 inches' in 
diaitieter. Tht velocity in the 4 inch pipe is 8 ft/sec, CalcuUte the ' 
velocity in the 6 inch pipe. ' ^ 

• Solution • ' . 

Ai Vi = A2 2 

.785 X 4 X 4 X 8 = .785' X 6 X 6 X 

12 X 12 T2 12 ■ • . 

{ . ^' 

V2 = 3'.57 ft/sec. . ' ' 

• The venturi meter ailso utiliz-es BemoulTi 's theory which states that 
at any point in -a liquid-system, the sum of*: 
1., Pressure head 

^2. Velocity head / . * ' 

• 3.^ Potential head " * ' ,• 

But through experimentation it was also determined that between two points 
in a liquid system these three surns> were not equal the difference waa 
due to friction. In a venturi meter the head loss due to friction is 
minimal, that in many calgulations it is ignored. 
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Bernoulli's formula is; ' . . . • '• . 

hi +-vi2, + pj = h^J- + ^2 

' 2gr W~ 2g^' iT . .\ ' . • ' . 

Where ' , • 

h = Hqight of liquid in feet ' 
V = Velocity in ft/sec. 
. Gravitational fuel (32 ft/sec. 2) ^ ^ ' . 

P = Pressure in'psi ' / ' ^ *^ 

W = Specific weight of liquid in lbs/ft^ , ^ 

hj and h2 are equal since the vehturi met^ should be used on' a horizontal 
plane. ' ' . . 



Bernoulli 's fo'rmul a becomes 



\ 



V ^2 -L oi - V 2 



2g . W 



,vi2 = Pi - P2 X Zg, 

W /- 

Since ' ■ 

Q = A XV . . " ' ; 

Then 

^Q,=- Ai X A2 X / ^^g - P2) 

Since the cross-sjec^onal areas of a meter does not chaogeHSlit the 
pressures qhang^ due to change in velocity then a constant can be 
, obtained for: > ' • ' 



- -a- 



\ 
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= Aj X A2 ^/2g Where: 0' 

/Al^ - ^■^ W ' ^\ Cross-sectional area of 



converging area 

So ^ , ? • ' 0 • 

. " A2 Cross-sectional area of ■' 

Q = K X /Pi - P2' tfiroat ^ . * 

Q = Flow rate in cubic feet/sec. ' ^ 

Example : A venturi meter has an input diameter of 6 inches and a small 
diameter of 3 inches. The input pressure (Pj) is 9 psi and the throat 
pressure of 5 psi. Cal culate .the flow rate. 
Solution 
, Solye for X using the formula: 
K = Ai X A2 /2£- > 

'ai = .785 X (6 )2 
(12) - 

= .196 ft2 

A2 = .785 X j3_j2 , 
= .049 ft2 

Ai X A2 = .196 ft2 .049 ft2 
= .01 ft4 

/Ai^ - A2^ = /(.196 ft2)2 ..(.049 ft2)2 
= /.036 ft^ \ 
= .189 ft2 • 



Al^x Ag - = 0.1 ft4 
/Ai2^^ ^18r7t2 = 0.53 ft2 
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/W.r^/ Tx 32 ft/sec2 
^ 62.4 lbs/ft3 . 



= /1. 046 ftViec^ 

= 1.023 ft^/sec. ■ ' • 

K = 0.53 ft^ X 1.023 ft2/sec. " 

K '= 0,54>tVsec. . ' * , 

or ' 

K = B.48 ft^/sec/in. chanqe in (h - Po) 



Q = K X /Pj - P2 
= /4". 



=^ 2 inch change 

Q = 6.48 = ft3 X in. x 2 * 
Sec. 

Q = 12.96 ft^/sec. ^ 

Example 2 ' . ' 

'Using the same venturi meter xonverg^irrg area 6" and throat 3", calculate 
the flow rate if: < . 

1. Pj = 11 psi _ ' 

' P? = 5 psi ■ ■ 

■ '' : 

2. Pi = 8 psi . . * 

P2 = 3 psi \ 
Solution 1 



Q = K X /Pj - 92 




= 6.48 X /II - 5 
= 6.48 X 2.45 
= 15.87 f^/sec. 
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Solution 2 ' 

* * • - 

Q"= K /p.i - P2 • ■ ^ 

= 6.48 /8 - 3 ' , * 

= 14.49^ft3/sec._^ ■ , ' " ' . 

This pressure diff&j^ntial is- detected by d translator which in' turn 'is 
recorded to a recording chart. \ 

Venturi meters are frequently emfHoyed where high pressure recovery 
is" essential or. where large amolints of solids in the flow stream would 
tend to collect in fro/it of an orifice plate. 

The meter^must be installed downstream from a section of straight 
an'd. uniform pipe ar>d the required length of straight section depends on 

♦ 

t;he- ratio of throat diameter and pipe diameter and- should be from 5 to 
15 pipe'}diameteRS. Manufacturers of venturi- meters will routinely size 
their fnelers for a specific use.- It is important,' however, that the 
meter be installed according to their instructions. , 

The principle of ttie venturi" meter? is applied 'to many different 
■dq,vices in measuring the flow rate. 

a. Flow Nozzle - Or flow tube. Figure 15. This device is used with 
slightly moderate amounts of suspended solids. There are different^ 

* types of nozzles that manufacturefs provide specifications > equa)lfions 
and capacity tabjes.or charts. 

b. Orifice Meter - An orifice meter (Figure 16) is a relatively 
inexpensive I easy to install and reliable flow measuring device. 
The thin plate orifice being most commonly used. ^ Basically, an 
oriifice is an obstacle placed in the path of the flow in a pipe. < 
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ORIFICES AND THEIR NOMINAL COEFFICJENTS * 
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COEFFICIENTS OF SEVERAt^ TYPES OF ORIFICBS 



Figure Ifi 
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The orifice Is quite useful with variations In flow acconmodated * 
by varying the throat width. The main disadvantage to the orifice-^ 
is the large head ipss that occurs across the section. 
Two magnetic flow mejbe^ - Several' types of magnetic meters (Figure 15) 
that can be used successfully in places where other types of meters would 
become clogged by solids. The magnetic flow. meter operates according to 
Faraday's law of induction: THE VOLTAGE INDUCED BY A CONDUaOR MOVING 
AT RIGHT ANGLES THROUGH A MAGNETIC hELD WILL BE PROPORTIONAL JO JHE 
VELOCITY OF THE CONDUCTOR THROUGH THE FIELD, In the magnetic flow meter, 
the [irocess liquid ts the conductor, and a set of el ectro-rmagnetlc coils 
in the flow meter produces the field. The Induced voltage is drawn -off. 
through the flow meter felectrode which are in contact with the liqirid, 
and then transmitted to a converter for signal conditioning. In a^iven 
meter, the induced voltage is a function- only of liquid v6loc1tj)^^ and , 
is not affected by temperature, viscosity, turbulence, or conductivity 
(above^a" min4mum threshffold of 5 micro-ohm), for liquid with conductivity 
values of 0 - 1 to 5 micro ohms, a special signal converter Is neede^ 
When the pipe diameter arfd measuring the average* velocity are known j 
the flow rate can be determined.- Q = A x V. The magnetic flow meter / 
can bemused in pipes with ^diameter as small as 6,1 inch. 

The accuracy of the meter Increases with Increases' in velocity, 

a one percent accuracy being obtainable for flow velocities from 3 to 

> 

30 fti per second. The ma^gnetic flow meter does not result in head loss; 
the pressure Ipss is no greater than for flow through an equivalent 
length of 9traight pipe, ^ 
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Pitot Tube - The DTtot tube (Figure 18) operates upon the prihciplfe that 



Rotameter - Rotameters are tapered tubes in which the fluid 

fltjWs^ vertically upward. A metaj float in the tube comes to equTllbfiupi 
at a point wh^re the auxili^iry flow js such'that the velocity ^increase 
has produced the necessary pressure differen^g. Rot&meters are simple, 
inexpensive and accurate devices for measuring relatively small rates 

of flow of clear,' clean liquids. For this reason, th^ a>"^tf|en used to 

- 

measure the water. rates, 

the velocity of the flow is calculated from .the -difference in head * 

measured on the manometer. The presi.sure in the left tube .measures .the 

static pressure in the pipe and' the right tube- measures-' the stagnation 

p.ressure, or the pressure where the vel.pcity is zero. ComnerciaUy 

available pitot tubes consist of a combined piezometel^ and total head 

meter. Pitot tube measurements sholild be made in/a straight section 

upstream free of jl valves tees, elbows, and other fittings with^ 

•minimum distance of 15 to 50 times the pipe diameter. When a straight 

• — ■' • 

section is not possible* a velocity profile should ba determined 

' - >■ 

experimental Ijj. Pitot tubes are not practiceil for use with V-^ulds with 

large amounts of suspended Solids because pf the possibility of plugging 

In large pipes, the pitot tube is one of, the most economical means of 

measur-frvg flows. ' . 

Ultrasonic - A typical sonic flow meter consists of: ' 

^a. Flow tube ^ >' , 

b. Two transducer assemblies 

c; A transmitter with a cable to .each transduc^r 
d. pow tot?li?er or recorders. 
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PITOJC TUBE MEASURES VELOCITY HEAD 
Figure 18 
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The operating principle of the ultrasonic flow rti5ter (Figure**^ 19) operates 
on ultrasonic pulses trave-rses the liquid, to be metered at a. 45 -degree ' 




angle to the direction of flow, Tha speed of sound from A to B 
represents the inherent speed of^ound of the liquid' plus a contribution 
due td the f^^rate* The virtually simi^taneous measurement from B.to- 
A represent^ the inherent speed of sound of the liquid^nrinus Ih 
contribu^^onjdue to flow rate! When the B to A determination i 
electronically subtractecl from the A to B determination the speeJk^ 
sound inherent to the liquid it^lf cancels out. The .difference is 

3W rat 

_ , 

LSUMMARY ' . ^ ' ♦ , " ' . 

Flow measurement i.n^ipes flowing full are not difficult'to in^ta^l 
an* operate. Different flow rates and solids,concentrat1on dictate the typi,"' 
' 3ize of flow meter. Flpw metei^s that; are used in pipes flowing full d^pe?id 
upon the inverse relationship of velocity ^ind pressuce. <^ , 

-J - ■ ' • 

Higher velocity = Lower pressure ' - ' 



proportional tcL-theY^ow rate alone, independent of the specific liquid 
being metered. ^ \ 




There are many types and makes not/mentiojied in J;his^adule of 
flow meters. gi^The basis for most operate ujJon either the rise in leviel of water 



4 



?hind an obstruction or the velo^y of water going through a specifi 



c area. 
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Preventive Maintenance _ . ^ 

Flow^ meters like any apparatus need constant maintenance. Although" 
there are meters that need less attention than others. 

1. Parshall flume - Parshall flumes althouqii are self-cleaning should be 
checked for bioloqical .growths and chemical deoosi'ts. Such growth . " 
deposits can be removed using a brush and water. ' Stilling wells collect 
solids which should be refljevetJ. ' Floats should be cleaned. ,' ^ 

2. Weirs - Weirs tend to allow solids to deoosit behind them. These deposits 
will change the height of the weir from the bottom of the channel to the 
crest." Weirs should be kept clean.. Fibers, stringv materials and 
larger particles tend to cling to the crpst. Ir> 'water with high 
suspended solids concentrations', consi^rable sedimentation in the 
channel of approach will 4ake olace. Sediments influence measjjrements 
and make representative samplihg.more- difficult. The connection of the 
weir to the channel should be waterproof. , Therefore, ^he joint between the 
weir plate and channel should be packed with a chemically inert cement " • 
or asphalt. type roofing compound.' Grease compounds should not be used 

if oil' concentrations are to be measured. ■ " ■ 

Weirs should be kept level and to insure a uniform depth of flow. 

3. Level sensing devices such as: ■ ^ ^ 

a. Staff gauges need cleaning. Bio>6gicar growths and chemical deposits 
should be remc^/ed from the surfape' of the. gauge. DO NOT scrub too 



hard the surface' of the gauge.- It;^could cause the removal of the > 
numbers.- -The surface of the gauge should be checked for rusting and 
pitting. 
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\ \ Float gauge - Float gauge functions in a stilling well. The well 

should be cleaned of solid^ that have settled in the well. The float 
^ should be checked for eust >^d 'pitting. If any painting has to be don( 
• , a 'light coat of rust intiibiting paint is preferred. The float should 
be 'checked for any water inside the float. ^ Th,e wire attaching the 
float pulley and counter weicjht should be checked for lx)ose and 
broken wird strands. In maitrtaining the pcdrder the manufacturers 
directions should be followed. The recorder that contains %-^^k pen 
should be checked for ink level. ' , - • • 

c. Hook gauge - The component^of the aauge. that is^ placed below the* 

water surface should not be mishandled, tha-t is used to retrieve object 
-fr(^ the water. ' By bending the^tomoonefft the accuracy of the gfiuge 
is reduced. • Check the gauge for ease of 'movement vertiQal\y. ; Avoid' • 
hard' scrubbing when 'cleaning the gauge. Always cleaji the unit after^ 
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use and place in a protected area. 



11 

d. Air bubbler - The jiwrtntenance necessary to provide the .proper^ 

^ functioning of this' is system Is tc/: - ^' ^ \ ^ - 

r. . Make sure that biol'ogfcal growths and chemical deposits are\ ^ ^ • 

removed from the'outlet of the atr tube.. , * , 

2.. The air -is supplied from a cylinder to make sure/that air is ii) ^ 
- • ; ' ^ ;A • . _ ' ^ , 

sufficient quantity and pressure. ' ^ ^ . 

3. The stillipg well should be cleaned of^solids that have/ ♦ 

' ^ ' ' ' ~ . ^ \^ i' 

y , accumuTated. k . . ' . ' ^ • . 

4. Follow manufacturers guidelines 'in maintaining specific- paHs of 
the unit. ^ " . c ' ' ' * • / 
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5. Check for signs of deteridpfation such as rusting'and pittiriq. " 

e. Instream Transmitter - Since these units depend upon a ^scowfloat' . 
in the flow stream, rags and floating material cling to the floats - 

^ • and will change the accuracy of the floating mechanism.' Such 
material should be removed. Keep the»unit clean and ohe.ck any 
components for wear. Especially swivel joints. 

f. Oltrasonic - This device needs very little mainterian^ce. Check the 
power input and output of the electronics of the unit. Check for 

. corroded terminals, and contacts. . ' 
4, Discharge. frofii> pipe. If one is measuring the free discharae from a 
» pipe the-outlet should' be^kept clean. The circumference of the^pipe 
should be smooth and void of jagged edges. *' ' - 

•5-./ Units that operate best full flow such as venturi meters, magnetic flbw 
meters, ultrasonic. velocity sensing and orifice, meters need very. little* 
, preye>it3tive maintenance. Manufacturers maintenance guidelines, should be 
folfpwed. Sometime pressure taps get filled with solids' which have to ' 
' be removed.; ;\gat^i. follow manufacturers guidelines in^'cle^'nih'g the taps.' 
Jotariieteri^andi pitot- tubes should not bV used for flows with, ^o lid' ' 
•contents. They should be checked' occasionally fb*/ solid byildup. . » 
^ . Al In flow metering devices, be they thfe primary unit, that is 'flumes, 

kirs, UK'rason-ics, venturi meters; jagnetjc flow meters and secondary devi 
•such -as staff gauges; floa^ts -Reorders and power sources should, be ch^ed 

;fof -aceuracy at -in^^anatiorfTand d^-rfng Gse'. Rbcalib'ration may 'be necessary 
on occasion.*^ ,•> : , s • 
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70penating.flt)w measurement, devices safely is an infftortant ste'o in an 
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.important step in an operator's duties. While maintaining the unit all 
power sources Should be turned off to the me^er or' rect)rder. . 

If the input t,s placed in a confined area with poor ventilation 
i.e.jpanholes, "then proper'^-safetv precautions in working-in manholes should be 
taken such^as vefitilation, checking of gases (H2S and metfiane) in'droD sewer 
manholes '4 , •- ' ' • . 

While cleaning flumes and weirs individuals should make sure that 
safe we'rkinp conditions-'.sbo'uld be practiced such as" solid footing, improper • 
leaning into the channel,* not Dsing safety harness, imf/roper use of tools. 

Safety practices should be an'important ^art -of the operators duties 



Problems Related to Flow Measurement 
1. A^sewer li ne -deli vers a flow of wastewater to a wet.well. The well has 
. a dimension /f a radius of 12 ft. The,Jieight of wat«r in the'.well rises 

4 ft. in 35 seconds. ' Calculate the .flow rate of the wastewater. Ans. in 

GPM. 1^ ' 



Calculate the pumping rate from a well containing' 600o\gallons if the time 
needed to pump _the gallons is 150 seconds. ":- ' 







* , Page /O of /o 
1 ^ ' 




1 < 
1 3. A clear well 30 ft. \ 12 ft. x 8 ft. gets- fined to the 3 ft. level in ■ 


> 

• 


P 2 hrs-. 10 seconds. Calculate .the flow rate-into the well. 

1 ■ '. ' ■ • • • , * • ' / 
1 * * . 

1 ' ^ ' » ' 

r ^ . • . . ^ 




4, What size* .parshall -flurae would be used to provide a recording 100 6PM up 
to. 3000 GPM. 




• \ ^ 




-4 


^ 5. 'Calculate the flow "rate through a 4" parshall flume if the height of the 
-water in the converging section is 3 inches. ' • . - 


' » 1 

\ 1 

A 1 


6. Determine the approximate, flow rate through a rectangular weir 30 ft 

ft 

weir lenoth and' a head of 5 inches.- Use the namograph and check the * 
. answer using the formula foi^ a rectangular weir>^ ' " 


* > j 

• I ^ . f 


7.- peterminrthfi flow rates if 3-90° weir plate is used, and a head of ' 
/ inches is developed. • * : > f 
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8. A venturi meter with a. 5" converging area and 2" throat develops a 
pressure differential of 16 psi. Calculate the flow rate. 

5 



9. 



Using the, formula for a cipoletti weir with a 5 foot length and' a head 
of 1 foot, calculate the flow rate. < « « 



10, 



-A^venturi meter with a^9" di&meter in the area converging^ and 6" 
The difference in pressure at recording times are: 



throat. 



8:00 
9:00 
10:00- 
.12:00 
1:'00 
2:00 



6 psi 
B psi 
10 psi 

12 psi 

13 psi 



11 psi 

" r ■ . . ■ 

Calculate the average flow rate between. 8:00 to 2:00'. 



4 



ft 
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Flow Measurement 
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1 hour 
Objectives: 
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EVALUATION ' , ~- . t 



.V 



The learner will demonstrate, the ability to determine correctly the^mswer to 17 
put of 20 problems plated tq flow measurement, fl'ow measurement de%es 
operation, and maintenance of flow measuring deVices, 
Circle the best answer.' 
' 1. Flpw. measurement is ^ 

a. A wchste of time 

b. Done because you ^are-told to do so by the govemmerft 

c. Important, to provide operating control of treatrent pl.ants 

d. None of the above \ 

2. Most' flow measuring .devices depend upon 
a. Measurement of velocity 

b: Measurement of depth of-liq\jid behind an obstruction ' ' 

c. All of the above ' ' , " " - > ' 

&. None of- the above / ^ - ' ^ 

3. A 10",pipe flowing full has a flow velocity of '3.8 ft/sec. Calculate the flow 
rate <Jelivered by the pipe. , ■ ^ • c 

a. I.tf7 GPS , • ■ ' 

b. ^ 2231.3 GPD ,^ • ' ; . • ; 

c. 52.0 GPS . ' . - - 
^d. 15.5 i5PS . ' , ^ 
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4. A volume of 1400 gallons is pumped at a rate of 20 GPS. Calculate t 
number of seconds needed to pump the 1400 gallons. 

a. 1.17 seconds * . 

b. 466.7 seconds j ' . . 

c' 28000 seconds ^ ' * » 

d. 70 seconds 
5.. -A venturi meter dete^Cts ^ 

a. - Velocity change between the converging. section and throat 

b. The pressure' change between the converging sections and throat 

c. ^ The height of the water in the converging ar,ea 

d. The height of the water in the throat ' ' 

6. To measure the flow rate through a parshall flume • 

a. .The height of water in the converging area is. measured 

b. The ^eight of the water in the disch^r^e area is measured 
•c. The_^ velocity of the water in the throat is fneasured 

d. The use of speciaf and complex equipment is needed * 

7. To measure the flow rate usi-ng a weir is to ' ■ ' ■ 
a. Measure the height of the crest of the water - • 

- b.' Measure th^ height of the wat6r behind th4 weir plate 
C Measure the veloci^ty^^n .the.weir.bp^^; 
' " d. All of the above . ' • _ * 

8. The position of the weir need not'be level because tbe water surface 



\ flat. 4. Tru^ b. Fa^lse 
9. • Identify the type of weir 

Rectangular a c 
Cipolletti " a b ' c ^ 

Triangular g >.b c ^ 
J. . 76 
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10. Magnetic meters are used to determine the flow in open channels. 

a. True 

b. F^lse 6 ' 
A float gauge ^should be placed 

a. The stream of the converging area of a flume 
* ■ 

b. ^ In'a stilling. well of a flume ' 

c. In a stilling well of flurfie on the discharge side 
'""d. All of the^ above , 

Float gauged are connected to a. counter weight so as •' ' 

"jl^-. To provide tension to the cable connected to the float 

b. Allow the float to float on the surface of the "water ' 

c. To cause the pulley to rotate properly ' 

d. Al 1 of the above 

13. Ai>-feubbler system records the resistances caused bv the height of the 
water x^the escaping air through the ininersed bubbler tube change.- 

a. Trse^X^ . , , '. > 

b. False- . ' 

14. In placing, removing or maintaining a flow meter in a manhole the operator 
Should 

a. Check for dangerous qase 

b, " Check for oxygen deficiency 

. 77 ^ 
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15. 



16. 



17. 



c. Ventilate .for- 5 -10 minutes 

^. • An of the above • 

' > •• ' ' 
. Maintenance of flow meters is unnecessary because^ the flow rate scoures 

pfie units clean. ^\ • ^ 

a. True' ^ 

^ b. False * 

Solids buildup in stilling wells does not effectthe operation of the ' 
float. • . '"'^ • • 

a. True 

•b. False ( , * 

In flow charts and records a conrnon operation ahd maintenante mistake' " 



a. Forget to c^nge chart 

b. Forget to add ink to the, pen 



(inlVfeb the pen 



18, 



19. 



c. Add too much 
. d. All of the above 

Pitqt tubes are not used in'vyas^ater flows duetto the fact that ' 

a. Tlfc. flows are not too 1 

b. The solids buildup at t^e Tube openings 

c. 7he qost of the unit - ' . ' 

_ « 

d. All of the-^ove . ' 

Using the ftfr^jla for a cipolleti weir with a 6 foot length ^pd a head 
,of 18 inches, calculate the flow rate. Q = 3.367 Lx h3/2 ' 
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a. 37.11 CFS * ■ ■ • 

b. <26.47 CFS ^ > 

c. • 1542.8 CFS . - • - 

d. 276 ."76 CFS 

2CK The weir head in a 90° weir is 0,375 feet. Determine the approximate" 

• r 

flow rate. Ans^ should be + GPM of the time answer. 
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EVALUATION 



Instructor Notes: 
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Answers 

i; c 
I- c 

3. d 

4. d 



5. 
"6?. 
7. ■ 
_8. 
9. 
\10. 
11. 
12, 
13. 
14. 

16., 
17., 
18. 
19. . 
20. 



b 
a 
b 
•b 
c 

b " 

b- 

d 

d ; 
b 
b~ 
d 

a 

95 GPM 



b. a 



Instructor Outline: 



Give evaluation questions 
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